Editor: Patrick S. Herendeen Premise of research. Previous studies of secretory structures in species of the Neotropical dragon's blood Croton (section Cyclostigma) show inconsistencies in their classification. An accurate assessment of the identity and homology of such structures is essential for taxonomic and evolutionary studies.
Introduction
Croton echinocarpus Müll. Arg. and Croton urucurana Baill. are members of section Cyclostigma, a group of tree species popularly known as dragon's blood because of the exudation of abundant red latex van Ee et al. 2011) that is used for medicinal purposes across the Neotropics. Besides laticifers, four other secretory structures (colleters, idioblasts, extrafloral nectaries, and secretory trichomes) have been identified in the leaves of several Croton lineages from sections other than Cyclostigma (Vitarelli et al. 2015) . Previous anatomical surveys on members of Cyclostigma included the two species studied here and described secretory structures from both leaves and flowers (Sá-Haiad et al. 2009; De-Paula et al. 2011) ; however, classification and homology assessment of such structures remain unclear and require further investigation.
Extrafloral nectaries have been recorded to occur on the margin, base, and blade of leaves of C. echinocarpus and C. urucurana (Sá-Haiad et al. 2009 ). However, similar marginal glands have been described as colleters of the standard type in different sections of Croton and other Crotoneae genera (Astraea Klotzsch and Brasiliocroton P.E. Berry & Cordeiro; Riina et al. 2014 Riina et al. , 2015 Vitarelli et al. 2015) . De-Paula et al. (2011) , in a study of the floral morphology and anatomy of several Crotoneae species, including C. urucurana, found glands alternate to floral nectaries that they described as filamentous structures. These authors also reported glands along the surface of sepals as secretory trichomes, although they noted their similarity to colleters (De-Paula et al. 2011) .
For an accurate classification of a secretory structure, its anatomical characterization must be accompanied by an analysis of the chemical nature of its exudate and an evaluation of the period of secretory activity. Descriptions based solely on morphology are not sufficient to assign a role to a structure (Lersten and Curtis 1996) or to determine the importance of the exudate for the plant. In addition, morphologically similar structures may play different functional roles. Extrafloral nectaries can be confused with other secretory structures, such as colleters, because the latter are also external structures that can have similar anatomy and topology. However, the period of activity and the composition of the secretion show that the activity of colleters is earlier than that of nectaries, and the colleters' secre-1 Author for correspondence; e-mail: rmeira@ufv.br. tion is characterized by the presence of mucilage, lipids, and proteins and the absence of sugar (Fahn 1979; Thomas 1991; Cruz et al. 2002; Klein et al. 2004; Barreiro and Machado 2007) . Nectaries, on the other hand, secrete nectar, a sugary substance consisting mainly of glucose, fructose, and sucrose (Fahn 1979; Bentley and Elias 1983) .
Because of inconsistencies in distinguishing between nectaries and colleters in previous studies of Croton and the importance of an accurate classification of such structures for taxonomy and evolutionary studies requiring accurate homology assessment, we analyze the structure and histochemistry of leaf and floral secretory structures of C. echinocarpus and C. urucurana. We also discuss the relationship between structure, secretion composition, and function as well as the chemical nature of the secretions and its connections to the phytochemistry findings and medicinal uses reported for both species in the literature.
Material and Methods
Croton echinocarpus is endemic to the Atlantic Forest of southeastern Brazil (Caruzo and dos Santos 2015) , while Croton urucurana is more widely distributed in southern South America (Brazil, Argentina, Paraguay, and Bolivia), occurring as a pioneer species in riparian forest (Caruzo and Cordeiro 2007; Cordeiro et al. 2015 W), where fieldwork for this study was conducted. Samples were collected from vegetative and reproductive branches of both species. Herbarium vouchers were deposited at the VIC herbarium (Coutinho et al. 337, 338, 25/I/2014 [VIC] ). Leaves at different developmental stages (shoot apex, leaf primordium, and mature leaves), stipules, and staminate and pistillate flowers in different stages of development were sampled (from bud to early fruit).
Three fixative treatments were used for three different sets of samples. The first set was fixed in FAA (formalin∶acetic acid∶ethanol 50%, 1∶1∶18 by volume; Johansen 1940) for 24 h to carry out a structural characterization with light microscopy and to test for hydrophilic compounds. The second was fixed in neutral buffered formalin for 48 h (Lillie 1965) , to detect lipophilic compounds, and in ferrous sulfate in formalin (Johansen 1940) , a fixative utilized for detection of total phenolic compounds. Finally, the third group of samples was fixed in formaldehyde-glutaraldehyde 2.5% (phosphate buffer 0.1 M, pH 7.3; Karnovsky 1965) for complementary structural and histochemical analysis.
For the description of surface characters, entire leaves were cleared with a solution of 10% sodium hydroxide and 20% sodium hypochlorite, interspersed with successive washes in distilled water (Shobe and Lersten 1967) . The material was stained with basic fuchsin (0.5% alcoholic solution), and slides were mounted with glycerinated gelatin (Kaiser 1880) .
Part of each sample was dehydrated in an ethanol series and embedded in methacrylate (Historesin, Leica Instruments, prepared according to the manufacturer's instructions). The samples were cross-and longitudinally sectioned at 4-6 mm in an automatic rotary microtome (model RM2265, Leica Biosystems, Nussloch, Germany) with glass knives (Leica Biosystems). Sections were stained with toluidine blue, pH 4.6 (O'Brien et al. 1965) , and slides were mounted with synthetic resin (Permount, Fisher Scientific, Fair Lawn, NJ) .
Part of each sample was also dehydrated through a tertbutanol series (Johansen 1940) , embedded in histological paraffin with DMSO (Histosec, Merck, Darmstadt, Germany), and serially sectioned at 10-12-mm thickness on a rotary microtome (Spencer 820, American Optical, Buffalo, NY). For structural characterization, longitudinal and cross sections were stained with Astra blue 1% (Kropp 1972) and Safranin O 1% (Bukatsch 1972, adapted) and mounted with synthetic resin. For structural characterization and histochemical tests, floral samples were dehydrated through tert-butanol series and embedded in histological paraffin with DMSO.
For detection of the main classes of secondary compounds, the following histochemical tests were carried out: periodic acid-Schiff reagent for total polysaccharides (McManus 1948) ; ruthenium red for acidic mucilage (Gregory and Baas 1989) ; tannic acid/ferric chloride for neutral mucilage (Pizzolato and Lillie 1973) ; Sudan black B (Pearse 1985) and neutral red (Kirk 1970) for total lipids in visible and UV light, respectively; NADI reagent for terpenoids (David and Carde 1964) ; copper acetate/ rubeanic acid for fatty acids (Ganter and Jollés 1969-1970) ; Nile blue for neutral and acidic lipids (Cain 1947) ; vanillin/ hydrochloric acid for tannins (Mace and Howell 1974) ; Wagner's reagent for alkaloids (Furr and Mahlberg 1981) ; and xilidine ponceau (O'Brien and McCully 1981) and ninhydrin/ Schiff's reagent (Pearse 1985) for protein. Standard control procedures were carried out simultaneously as required for each test, and the slides were mounted in glycerinated gelatin (Kaiser 1880) . To verify the occurrence of glucose in the secretion, Glicofita Plus (Accu-Chek Active, Hoffmann-La Roche) was used directly on the secretion.
Observations and photographic documentation were performed with a light microscope (Model AX70TRF, Olympus Optical, Tokyo) equipped with a U-Photo system and a digital camera (AxioCam HRc, Carl Zeiss, Göttingen, Germany), an epifluorescence HBO 50-W mercury vapor lamp, and a filter block A (exciter filter BP 340-380, dichroic mirror 450, barrier filter LP-430). Macro images were obtained with a stereomicroscope (Stemi 2000-C, Carl Zeiss Microscopy, Jena, Germany) coupled with a digital camera (AxioCam ERc5s, Carl Zeiss Microscopy).
For studies in scanning electron microscopy (SEM), the samples previously fixed in FAA or formaldehyde-glutaraldehyde 2.5% were dehydrated in ethanol and critical-point dried with CO 2 in an 020 CPD dryer (Bal-Tec; Balzers, Liechtenstein). The samples were mounted onto stubs and coated with gold in an FDU 010 sputter-coater (Bal-Tec). Examinations and image captures were conducted with a Leo 1430VP SEM (Zeiss, Cambridge, United Kingdom) at the Centro de Microscopia e Microanálises at the Universidade Federal de Viçosa.
For the classification of the laticifers we followed De Bary (1884). The colleters were classified according to Thomas (1991) .
Results

Field Observations of Morphological Features and Secretions
Flowers in the studied species are relatively small (!1 cm), unisexual, and arranged in thyrsoid inflorescences ( fig. 1 ). Figs. 1-11 Croton urucurana (1, 2, 4, 6-9, 11) and Croton echinocarpus (3, 5, 10) in the field. 1, Unisexual flowers arranged in thyrsoid inflorescence. 2-4, Acropetiolar/basilaminar extrafloral nectaries (EFNs): 2, translucent secretion on the central portion of the EFN; 3, globular and sessile EFN; 4, Patelliform and stipitate EFN. 5, Marginal colleters. 6, 7, Ants visiting the EFNs. 8, Application of Glicofita, showing the glucose concentration. 9-11, Secretions in different colors of latex exuding from wounded petiole: 9, 10, fresh secretions; 11, dry and oxidized secretion (reddish). Photographs by I. A. C. Coutinho.
Floral nectaries (FNs) in pistillate and staminate flowers and glands along the leaf margin are minute, and at the time of fieldwork we did not observe any secretion with the naked eye. For this reason we were unable to perform the Glicofita Plus test on their secretions.
The leaves of both species present two types of glands. The acropetiolar/basilaminar glands, located at the junction of the petiole with the lamina, are easily noticed by their conspicuous size (figs. 2, 3). The translucent secretion of these glands is produced centrally on the surface of each gland ( fig. 2 ). The glands are globular and sessile in Croton echinocarpus ( fig. 3 ) and patelliform and stipitate in Croton urucurana (figs. 2, 4). Ovoid glandular structures, much smaller than the acropetiolar/basilaminar glands, are evident along the margin of young leaves and leaf primordia in both species ( fig. 5 ). In mature leaves, these glands are persistent, with a brown coloration, in C. echinocarpus and deciduous, leaving a scar, in C. urucurana. Ants were observed only visiting ( fig. 6 ) and colleting secretion ( fig. 7 ) of the acropetiolar/basilaminar glands of both species.
The application of Glicofita Plus on the secretion of acropetiolar/basilaminar glands detected significant glucose concentration (263 mg/dL; fig. 8 ), confirming that these glandular structures are best interpreted as extrafloral nectaries (EFNs). Unfortunately, the secretion of the glands along the leaf margin could not be tested in the field because of the minute size of such glands.
In relation to the latex, we observed a sticky secretion when young branches were cut or damaged. When fresh, the latex was green in C. urucurana ( fig. 9 ) and light brown C. echinocarpus ( fig. 10) , and it quickly turned reddish by oxidation of its compounds in both species ( fig. 11 ). The same sticky secretion was observed when we made cuts directly on the trunk bark.
Internal Secretory Structures
Secretory idioblasts are dispersed in ground tissues and epidermis. Leaf epidermal idioblasts, in all developmental stages, are larger than ordinary epidermal cells and are projected outside the surface ( fig. 12 ). In few cases, idioblasts are present at the base of nonglandular trichomes ( fig. 13) . In pistillate and staminate flowers, secretory idioblasts in different development stages are dispersed in the ground tissues of all floral whorls. Regardless of the region and development phase, idioblasts are fully differentiated, with heavily stained content in flowers and leaves.
Nonarticulated, branched laticifers ( fig. 14) are dispersed in the ground tissues of both leaves and flowers. Our observations of shoot meristems show these laticifers to have a Y-shaped branching pattern (inset fig. 14) and evident secretory activity.
External Secretory Structures
Colleters occur on the margin of leaves ( fig. 15) , on the base, margins, and apex of stipules ( fig. 16 and its inset), and in pistillate (figs. 17, 19) and staminate ( fig. 18 ) flowers, where they alternate with FNs. Colleters are fully developed and active in young organs, and they are present in shoot meristems, developing leaves ( fig. 15 ), flower buds (figs. 17-19), and flowers in preanthesis ( fig. 20) . The structure of these colleters is of the standard type ( fig. 16 inset, fig. 21 ), since they are composed of secretory palisade epidermis covered with a thick cuticle, arranged radially to a nonsecretory and nonvascularized parenchymal central axis. Secretory idioblasts, laticifers, and cells with druse crystals are common among the cells of the central axis of colleters ( fig. 21) .
Before maturity, leaves exhibit conduplicate ptyxis and are sealed along the margins by both intertwining stellate trichomes and the sticky secretion produced by the marginal colleters ( fig. 15) . Likewise, the sticky secretion produced by colleters of floral buds overflows and helps to keep the buds closed. When the leaves fully expand and flowers become anthetic, the colleters senesce (figs. 22, 23) and turn brown (C. echinocarpus leaves) or are deciduous, each leaving a scar ( fig. 25 ; C. urucurana leaves and flowers of both species).
Although the two species present morphologically distinct EFNs-globular and sessile in C. echinocarpus (figs. 26-28) and patelliform and stipitate in C. urucurana (figs. 29-31)-they are anatomically similar. They have a convex surface consisting of a uniseriate palisade secretory epidermis ( fig. 32) , with dense protoplast, covered by a smooth and thick cuticle (figs. 28, 31, 32) . Underlying the secretory epidermis, there are one or two layers of sclerenchyma (figs. 32, 33) and 10-12 layers of nectariferous parenchyma consisting of isodiametric cells with dense cytoplasmic contents ( figs. 32-35 ). This parenchyma contains druse crystals, secretory idioblasts, and laticifers (figs. 32-36). The EFNs are vascularized by bundles originating from the lamina and/or the petiole. These bundles reach the entire nectariferous parenchyma and consist of both xylem and phloem, with the latter being more abundant (figs. 31, 34). At the base of the EFNs, nonglandular trichomes are also present (figs. 26, 27, 29) .
The EFNs present synchronism with leaf development. Before leaf lamina expansion, the EFNs are inactive, and the surface of each has an entire, thick cuticle ( fig. 26 ). Upon leaf expansion, the nectaries become active and accumulate secretion beneath the cuticle of each EFN. This process promotes the distension of the cuticle, mainly toward the center of each EFN (figs. 27, 29) , and also its subsequent rupture during the secretory phase (figs. 30, 36) . When the EFNs become senescent, a necrotic parenchyma can sometimes be observed ( fig. 37) .
The FNs of pistillate and staminate flowers do not differ anatomically between the two species. Each flower has a fivelobed FN ( fig. 38 ) located in the region between the outer wall of the ovary and the adaxial side of the sepals (figs. 39, 40). In longitudinal sections of flowers, the lobes are horn-like (figs. 39, 40), whereas in cross sections they present a convex surface with a slight concavity in the central part. The epidermis consists of cuboidal secretory cells, covered by a thin cuticle (figs. 41, 42) with few inactive stomata, through which the secretion of nectar occurs (inset, fig. 40 ). Longitudinal sections of flowers under fluorescent light show up to three layers of columnar sclerenchyma underlying the secretory epidermis of FN lobes (figs. 43, 44), with an arrangement similar to that in EFNs. The secretory parenchyma is well developed, consisting of vacuolated cells, secretory idioblasts with acidophile content heavily stained with safranin, druse crystals, and laticifers (figs. 41, 42). The vascularization is dense, derived mainly from the vascular system of the receptacle, with one or two branches of vascular bundles that reach the secretory parenchyma (fig. 45) ; some vascular bundles are surrounded by secretory idioblasts ( fig. 41 ). Figs. 12-25 Idioblasts, laticifers, and colleters in Croton echinocarpus (12, 15, 18, 22, 24) and Croton urucurana (13, 14, 16, 17, 19-21, 23, 25) . 12, Idioblasts above the level of the other epidermal cells (arrowheads). 13, Idioblasts at the base of nonglandular trichome (arrowheads). 14, Laticifers dispersed in the ground tissues with (inset) a nonarticulated laticifer showing a Y-shaped branching pattern. 15, Colleters (arrows) along the margin of a closed young leaf in a longitudinal section of the stem apex. 
Histochemical Analysis
The results of histochemical tests are summarized in table 1 and figures 46-72. In laticifers, fatty acids were detected only in C. urucurana. The other metabolites (i.e., total lipids, acidic lipids, fatty acids, phenolic compounds, alkaloids, and proteins) were also detected in idioblasts of both species, except carbohydrates. EFNs, FNs, and colleters produce exclusively hydrophilic secretions, rich in carbohydrates and proteins.
Discussion
New Evidence Regarding Idioblasts and Laticifers
For species of tribe Crotoneae, secretory idioblasts have been described as containing lipophilic substances (Webster et al. 1996; Freitas et al. 2001; Sá-Haiad et al. 2009), and Vitarelli et al. (2015) indicated these structures as sites of lipophilic compounds; however, the above-mentioned studies tested only for total lipids and total polysaccharides. Our results show that in Croton echinocarpus and Croton urucurana, idioblasts secrete compounds of a mixed nature, including both lipophilic (fatty acids) and hydrophilic substances (table 1). We detected alkaloids in both idioblasts and laticifers in all tissues and external secretory structures. In fact, it is possible that part of the synthesis and storage of precursors of indolic, tropanic, and nicotinic alkaloids occurs in the vacuole of secretory idioblasts, as observed in Apocynaceae (DeLuca and Cutler 1987; DeLuca and St-Pierre 2000) , and that these structures thus act as transition sites.
The type of laticifer in the two studied species, i.e., branched and nonarticulated, agrees with the pattern described in the literature for section Cyclostigma (Rudall 1987 (Rudall , 1989 Wiedenhoeft et al. 2009 ). In contrast, in Croton sections Alabamenses, Lamprocroton, and Cleodora, laticifer type varies (between articulated and nonarticulated), even within the same section (Vitarelli et al. 2015) . These authors suggested that articulated laticifers might be the most common and widespread in the entire tribe Crotoneae; however, their taxon sampling was limited, considering the size of Croton, and section Cyclostigma was among the unsampled clades.
The latex and the cork of dragon's blood Croton are used for medicinal purposes throughout the Neotropics (Meza 1999a (Meza , 1999b Jones 2003; Salatino et al. 2007 ). Phytochemical studies have reported bactericidal and antifungal (Peres et al. 1997; Gurgel et al. 2005 ) activities for C. urucurana, and both activities are related to the presence of phenolic compounds, alkaloids, and diterpenes. Although diterpenes have not been detected for C. echinocarpus, this species also showed bactericidal activity as well as antioxidant and anti-HIV action (Athayde 2013) .
Distinguishing Colleters from Nectaries
Colleters and nectaries (EFNs and FNs) in C. echinocarpus and C. urucurana present hydrophilic secretion, but sugar was investigated only in nectaries. Even if both colleters and nectaries have similar histochemical results, the other two criteria, anatomical characterization and period of secretory activity, allow us to make a distinction between the two structures. When nectaries are still differentiating and unable to produce secretion, colleters are fully developed and active in the shoot meristems. On the other hand, when nectaries become active, colleters become senescent or fall off, showing the asynchronous Wagner's reagent
Figs. 46-72 Positive histochemical results on the secretions of the secretory structures in Croton echinocarpus (46, 48, 50, 53, 54, 57, 59, 60, 62, 64, 65, 69, 71) and Croton urucurana (47, 49, 51, 52, 55, 56, 58, 61, 63, 66-68, 70, 72 53, 59, 65, 71, Xilidine ponceau: total proteins. 54, 60, 66, 72 , Ninhydrin/Schiff's reagent: proteins; note the inset in 60 showing secretory epidermis and idioblasts. Bars p 100 mm (46-52, 54, 54 inset, 61-66) , 150 mm (55 inset), 200 mm (58, 60 insets), 250 mm (53), 500 mm (58), 600 mm (67-69, 71, 72), 800 mm (55-57, 59, 60, 70) . development and activity of these structures only in the early stages of development. This asynchrony between colleters and nectaries was also observed by Riina et al. (2015) and Vitarelli et al. (2015) for other species of Croton. Although we did not conduct systematic measurements of colleters and nectaries at maturity, our field observations suggest that size and external shape might be useful characters to distinguish these two structures. In fact, the reason we could not conduct the Glicofita Plus test on the secretion of colleters (marginal glands) was that the colleters were minute and smaller than nectaries. Future studies should look at the size and external shape of colleters relative to nectaries, using an overall sampling of the genus to corroborate these observations. Sá-Haiad et al. (2009) studied several species of tribe Crotoneae, including C. echinocarpus and C. urucurana; however, the leaf marginal glands described by these authors as EFNs are actually colleters of the standard type (Riina et al. 2014 Vitarelli et al. 2015) . Our results show that colleters are also present in the reproductive organs of C. echinocarpus and C. urucurana, where they alternate with the lobes of the FN, and a recent study documented colleters along the inflorescence axis of Croton glandulosus L. (Machado et al. 2015) .
In the vegetative organs of C. echinocarpus and C. urucurana, colleters occur only along the leaf margin and at the base and margin of stipules, which is similar to what was found for Croton amentiformis Riina, another species of section Cyclostigma . These leaf marginal colleters distinguish species of section Cyclostigma from other Croton groups, where such structures alternate with EFNs along the leaf margin, as in section Cupreati (A. C. Feio, R. M. S. A. Meira, and R. Riina, unpublished manuscript) and section Cuneati (Riina et al. 2010, their fig. 3F ). In taxonomic descriptions of Croton, leaf marginal colleters have been called "ovoid glands" (Riina et al. 2010) or simply "glands" (e.g., Caruzo and Cordeiro 2013) . None of these terms is incorrect; however, "gland" is a generic term used just to recognize a structure usually protruding and secretory. De-Paula et al. (2011) observed secretory structures in flowers of Croton (including C. urucurana) with the same colleter position found here; however, they described them as filamentous structures instead of as colleters. Likewise, structures on the surface of sepals were described as secretory trichomes instead of colleters, even if the authors recognized their similarity to colleters. To date, the absence of colleters in the flowers of Croton was one important difference separating this genus from its close relative, the genus Astraea (De-Paula et al. 2011); however, our results suggest that colleters in flowers appear not to be exclusive to Astraea and could be widespread in Croton, given the relatively conserved floral morphology across the genus (van Ee et al. 2011) .
We found sclerenchyma cells forming a continuous layer in active EFNs and senescent FNs, under the secretory epidermis, which was also observed by Freitas and Paoli (1999) in EFNs of C. urucurana. Sclerenchyma cells in nectaries are considered a specialized feature that may be related to the protection of the parenchymatic secretory tissue (Belin-Depoux 1989) . Another characteristic regarded as highly specialized is the vascularization of nectaries (Elias 1983) , as observed in C. echinocarpus and C. urucurana. The vascularized nectaries found here support the findings of Vitarelli et al. (2015) regarding EFNs and De-Paula et al. (2011) for FNs.
The role of FNs in Croton is still unclear and requires further investigation with better taxon sampling across the genus. The few pollination studies of Croton available report entomophilous and anemophilous species, such as C. urucurana (Pires et al. 2004) and Croton sarcopetalus Müll. Arg. (Freitas et al. 2001) , respectively, as well as several ambophilous species (Bullock 1994; Webster 1994) . On the other hand, Narbona and Dirzo (2010) described FNs that possess extranuptial and nuptial functions in Croton suberosus Kunth (i.e., not related to pollination). In C. urucurana, it has been hypothesized that the FNs are not essential for pollination because of the amount of nectar produced and the morphology of the flowers, which better fit the anemophilous syndrome (Pires et al. 2004 ). The anemophilous syndrome has also been suggested for Croton floribundus Spreng. and Croton priscus Croizat (Passos 1995) .
Histochemical Evidence
The histochemical tests detected proteins in the secretions of EFNs, FNs, colleters, laticifers, and idioblasts. The presence of proteins in laticifers can be due to the fact that the latex blends with the cytoplasmic contents of the laticifer cell, where proteins are usually found (Demarco et al. 2006) . On the other hand, the proteins present in nectaries can be related to the energetic demands for nitrogen of flower visitors and pollinators (Nicolson and Thornburg 2007) , since many insects have deficiencies in the production of proteins (Baker 1977) .
In the case of colleters, of which the primary function is lubrication and protection against desiccation of organs in early development (Fahn 1979) , proteins are also important for protection against herbivores and pathogens ( Klein et al. 2004; Miguel et al. 2006 ). In addition, the presence of mucilage in these structures also indicates their classification as colleters. Mucilage is important for the protection of developing organs, water retention, and defense against herbivores (Fahn 1979; Gregory and Baas 1989) .
The classes of secondary metabolites found in this study (table 1) support the biological activities described in the literature for C. urucurana and C. echinocarpus, especially antifungal, anti-inflammatory, and antioxidant activities (Gurgel et al. 2005; Salatino et al. 2007; Simionatto et al. 2007 ). These properties are related to substances primarily derived from phenolic compounds such as catechin, terpenes such as acetyl aleuritic acid (Gurgel et al. 2005) , and alkaloids such as taspine (Salatino et al. 2007 ).
Conclusion
The great similarity in morphoanatomy and position of secretory structures between Croton echinocarpus and Croton urucurana is in agreement with their phylogenetic proximity ) and habitat affinities. We detected the presence of colleters in Croton flowers, a structure that was overlooked or misinterpreted in previous studies dealing with floral anatomy of Croton and may be a unifying character between this genus and the closely related genus Astraea. The diversity of secretory structures and the chemical compounds detected confirm the potential of these species for bioprospection.
Despite having similar histochemical compositions, nectaries and colleters can be distinguished on the basis of their 520 structure, function, and period of activity. Our results show that the use in combination of the three criteria applied here (anatomical structure, histochemistry, and period of activity) allows a more accurate classification and homology assessment of secretory elements in a genus exceptionally rich in this type of structures.
